Summary
Disorganization of muscle structures such as fragmentation of myofilaments with a loss of contrast in the Z bands, swelling of mitochondria and glycogenic infiltration, was seen in ascorbic acid deficient guineapigs. Vacuolar degeneration of external and internal endothelial cell membranes with accompanying dystrophic changes of the surrounding muscle and lack of collagen formation were consistent findings. Chondroblasts showed a marked dissolution of the matrix vesicle and a lack of hyaline droplets. microscopy to elucidate the cause of the haemorrhages (Gore et al., 1968; Peach, 1962) . Junctional defects in the endothelium and cytoplasmic disruption due to the lack of precapillary collagen have been described (Gore et al., 1968) , but few studies have been directed towards changes occurring in other tissues (Follis, 1958; Peach, 1962) .
The present investigation compared the ultrastructural appearance of muscle, sternal cartilage and endothelium in ascorbic acid-deficient and normal guinea-pigs.
Ascorbic acid is essential for amino-acid synthesis, especially for phenylalanine and tyrosine, and deficiency is usually manifested in connective tissue, bone and tooth (Follis, 1958; Gore, Wada & Goodman, 1968) . The outstanding features of deficiency in guinea-pigs are haemorrhages throughout the body and a general weakness of tissues, especially those with a high collagen content (Follis,1958) .
The endothelial changes produced by ascorbic acid deficiency have been investigated by electron Materials and methods Scurvy was induced by feeding an ascorbic acid deficient diet (Table 1) . Tissues were taken from 10 English shorthaired guinea-pigs of both sexes with advanced clinical signs of scurvy. Whole blood and plasma ascorbic acid levels were determined according to the caraway modification of the method of Roe & Keuther (1943) . 6 guineapigs fed normal diets served as controls (Table I) .
Haemorrhagic lesions were observed in both thighs at necropsy. Samples of control and ascorbic acid deficient animal tissues were fixed immediately in 2 % glutaraldehyde in 0'05 M S-collidine buffer at pH 7,4. After washing 3 times in sucrose buffer, the tissues were further fixed in osmium tetroxide, dehydrated, and embedded in epoxy resin (Kim, Dade & Corwin, 1975) . Thick and thin sections were cut with u1tramicrotomes. The thin sections were stained with uranyl acetate followed by lead citrate and examined under an electron microscope with double condenser lens system.
Results

Normal versus vitamin C deficient muscle
Electron micrographs from the skeletal muscle of guinea-pigs fed normal diets showed a highly specialized distinct repeating pattern of myofibrils characterized by Z, A and I bands within the sarcomere, and the presence of sarcolemmal nuclei (Fig. 1) . The tubules of the reticulum underlying the A bands had a prevailing longitudinal orientation but were freely connected to the region of the H band. A few lipid droplets were found between the myofibrils in some sections.
In ascorbic acid deficient guinea-pigs there was a marked enlargement of mitochondria with disorientation of the cristae (Fig. 2) . The sarcoplasmic reticulum was dilated and the interfibrillar regions were filled with vacuoles of various sizes. The dilated sarcoplasm contained much granular material, some of which appeared in the thick sections to be mineral deposits (Fig. 2 ). There was fading and irregularity of Z band and subsequent fading with streaming of A band substance. Lysis and loss of tibrilation of Z bands were consistent findings.' 
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Lipid droplets were found within the degenerated interfibrillar space in the more severely affected tissue ( Fig. 3 ). Granular material of varying sizes and shapes were also deposited in the vacuolated sarcoplasm. In one animal, a pocket of what appeared to be virus particles was found in the space between the myofibrils and capillary wall structures close to the sarcolemmal nucleus. These particles were 78-90 nm in diameter, and exhibited a regular icosahedral form with distinctive capsomere. This is consistent with the adenovirus group. No such particles were found in muscle tissues from the control guinea-pigs. 
Normal versus abnormal collagen and capilliary endothelial tissues
In the normal guinea-pig, collagen fibres were consistently found in precapillar areas, with delicate networks of reticular fibrils in the basement lamina of both epithelial and vascular tissues. Coarse collagenous fibrils were found in the precapillary region as well as in muscle. The collagen fibrils were uniform in size, striated and longitudinally parallel to each other. Deficient animals were characterized by uniform loss of collagen fibres, while the remaining collagen fibrils observed were in various dystrophic states-some irregularly arranged, some short and segmented, others electron dense (Fig. 4) . Free ribosomes were also found in the adjacent sarcolemma. Serial sections of normal muscle tissues occasionally revealed capillaries with an intact basement membrane between the collagen fibrils and the endothelial cells. The capillaries had continuous endothelium with typical marginal folds and numerous micropinocytic vesicles on the external surface.
Muscle from ascorbic acid deficient animals seldom showed the presence of capillaries; but whenever they were found, an empty space underlying the blood vessel was observed, with loss of collagen fibrils in most of the sections examined.
Pig. 5. Note the separation of both internal and external endothelial wall. The ballooning degeneration (orroll's) is also seen. F fat. C collagen. Uranyl acetate and lead citrate stain. Line represents 2 I'm.
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The endothelial cells were distended and their walls were generally thickened, with an indistinct internal membrane structure. The external endothelial membrane structure contained numerous dilated vesicles. Free ribosomes were present in degenerated cisternal structures. The endothelial junctions were irregular and the internal and external surfaces of endothelium exhibited ballooning degeneration (Fig. 5 ). Marked glycogen infiltration was observed in and around dilated and degenerated sarcoplasm and close to degenerated myofibrils. Lack of pinocytic vesicles and the presence of ballooning plasma membranes were consistently observed in the advanced deficiency state.
Normal versus ascorbic acid deficient hyaline cartilaginous tissues
Hyaline cartilage cells removed from the ventral end of the ribs of normal guinea-pigs showed a number of chondroblasts. The laminar space was filled with large, round, electron-dense droplets interspersed in a very tenuous fibrillary network. The matrix was made up by very fine fibrils masked by small granules disposed on them in a regular array (Fig. 6) . Numerous vesicles surrounded the electron-dense stained ground substance which represented] the matrix of budding chondrocytes (Fig. 6) .
The hyaline cartilage from ascorbic acid-deficient guinea-pigs was characterized by deposits of mineral in the central part of the longitudinal septa. The crystals occurred in randomly oriented clusters Fig. 6 . Normal ehondroeytes with a solid ground substance (gs). Note the vesicular matrix formation (VM). Uranyl acetate and lead citrate stain. Line represents 5 I'm. ( Fig. 7) . No direct morphological relation was recognized between the crystals and the macromolecular components of the matrix. The endoplasmic reticulum was greatly reduced, whereas lipid infiltration and large amounts of calcium were present. A somewhat similar change occurred in cartilage matrixes as well as in ground substances. The ground substance degenerates by losing fibrillar Fig. 8 . Numerous vacuoles formed within the dystrophic ground substance. Uranyl acetate and lead citrate stain. Line represents 5~m.
Kim networks, some of which were replaced by calcified material. Numerous vacuoles formed within the calcium deposits visible by thick sections were also found in the dystrophic ground substances (Fig. 8) .
The few liver sections from ascorbic acid deficient guinea-pigs that were examined showed dilated endoplasmic reticulum, numerous swollen mitochondria with loss of cristae and degranulation of round endoplasmic reticulum. Lipid droplets were also found in the dilated cisternaI structures (Fig.  9 ). The lipid droplets were more obvious in some cases, but varying degrees of fatty change were seen in all ascorbic acid deficient animals. Haemoglobin, packed-eel) volume and plasma ascorbic acid values for both ascorbic acid-deficient and normal guinea-pigs are given in Table 2 . The . non-deficient plasma level of vitamin C mg/IOO ml was 2·07 whereas the deficient animals had values less than 0'55 mg/lOO ml. 
Discussion
Scurvy is a disease resulting from a dietary deficiency of ascorbic acid which occurs in guinea-pigs and primates, including man. Lesions of scurvy are most commonly seen in young growing guineapigs because of their high requirement for ascorbic acid of 0,5-1,0 mgjday (Follis, 1958) and their limited ability to store the vitamin, necessitating a regular dietary supply. It is absorbed by the small intestine and circulates throughout the body, usually being carried by the leukocytes. Excess amounts are usually excreted in the urine within 4 to 6 hours after ingestion.
Although haemorrhages
are a prominent feature of ascorbic acid deficiency, pathologic changes seen elsewhere were equally noteworthy. Lack of collagen in the capillaries results in dystrophic changes in muscle. As well as endothelial junctional defects (Gore, et al., 1968) , there are marked dystrophic changes in and around the capillaries which may permit their distension and subsequent rupture. Separation of external and internal endothelial cell membranes was observed with the formation of vacuoles may also contribute to these processes.
Disorganization
of muscle structure such as fragmentation of myofilaments, loss of contrast of A, I and Z bands, swelling of mitochondria and glycogenic infiltration were common features of atrophic muscle changes (Cheville, 1966; Weschler, 1966 ). This does not represent a specific ultrastructural change attributable to ascorbic acid deficiency (Thyberg, 1974) . However, the changes noted in the collagen fibres serve as useful criteria for differentiating this disease from other nutritional myopathies, especially the type related to vitamin E and selenium deficiency.
In ascorbic acid deficient guinea-pigs there is a decrease in the deposition of osteoid in calcified cartilage and a lack of ossification. Previous histochemical studies on epiphyseal cartilage in guineapigs has indicated that the normal alkaline phosphatase and ATPase activity is associated with the plasma membranes of the cells and with the limiting membranes of matrix vesicles (Weschler, 1966) : in the deficient animal degenerative changes were observed in chondrocytes, including loss of the perilacunar space, reduction of endoplasmic reticulum, and increase of intracellular glycogen and lipids.
